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Abstract：The nitration of 1,2,3-trichlorobenzene are studied in the binary system of sulfuric acid and 
nitric acid. The effect of molar ratio of raw materials,reaction temperature and reaction time on the yield 
are evaluated in the system of nitric acid/sulfuric acid.The optimum process parameters are selected in the 
system of 98% of sulfuric acid and 65% of nitric acid as follows: n(1,2,3-trichlorobenzene):n( sulfuric 
acid ):n(nitric acid)= 1:11.3:2.3,reaction temperature 65℃and reaction time 4.5 h.The yield of 
4,6-dinitro-1,2,3-trichlorbenzene is 93.95%.The concentration of waste acid can reach to about 95% by 
extracting and distilling in vacuo. Both the sulphuric acid and residue after recrystallization can be 
recycled as starting materials in another synthetic reaction of 4,6-dinitro-1,2,3-trichlorbenzene,the product 
is obtained in yields greater than about 94 mole percent with purity being greater than about 99w%,The 
structure of target product is characterized by IR,HPLC and Element analysis.
© 2010 Published by Elsevier Ltd. 
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1.Introduction
4,6-dinitro-l,2,3-trichlorobenzene is an important organic intermediates to synthetize 
poly-p-phenylene-benzobisoxazole(PBO),which is a kind of fibers having high tensile strength and 
thermal stability.Such fibers are desirable for military,aerospace and other applications requiring high 
performance materials[1].In order to obtain a high molecular weight polybenzoxazole which can be 
effectively spun into workable fibers,it is necessary that the starting materials used to form the 
polybenzoxazoles are of very high purity[2].High yield and purity of 4,6-dinitro-l,2,3-trichlorobenzene is 
the basis to synthetize new monomer and to control the production cost[3] .This experiment comprised 
contacting 1,2,3-trichlorobenzene with a nitrating agent and an acid,under reaction conditions such that a 
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4,6-dinitro-l,2,3-trichlorobenzene is produced.Many factors affect the yield and purity during this 
process,what is worse that it would produce a large number of waste acid,which will cause environmental 
pollution and the wasting of resources because of the organic matters in the waste acid and the high levels 
of sulfuric acid.Therefore this experiment studied on synthesis technology of 
4,6-dinitro-l,2,3-trichlorobenzene in economy,improving reaction conditions,and recoverying waste acid 
through simple operation,which could reduce the cost of operation remarkably,meanwhile reduce the 
pollution of environmental.  
2. Experiment 
2.1 reagent and apparatus 
1,2,3-trichlorobenzene,Wuhan Yuancheng technology development Co.,Ltd;sulfuric 
acid(AR),concentration ≥98% Chengdu kelong chemical agent factory;Nitric acid 
(AR),concentration≥65%,Chengdu kelong chemical agent factory;Carbon tetrachloride 
(AR),content≥99.0%,Chengdu kelong chemical agent factory;Deionized water,electrical conductivity1.0
μs/cm Sichuan University Equipment Department;Anhydrous alcohol (AR).Chengdu kelong chemical 
agent factory. 
motor stirre:T321-1 type.Super constant temperature water-bath pot:501 type.Fourier transform 
infrared spectrometer:produced by Tianjin Tianguang Optical Instruments Company.High-performance 
liquid chromatography: produced by Shanghai Optical Instrument Factory.Micromelting point 
detector:produced by Sichuan University Scientific Instrument Factory. 
2.2 Procedure 
(1)Synthesis of 4,6-dinitro-l,2,3-trichlorobenzene:To a 1-liter,four-mouth flask equipped with a 
mechanical stirrer,condenser and addition funnel,was added preferred of l,2,3-trichlorobenzene and 
sulfuric acid.The reactor was placed in a variable temperature bath and allowed to heat up to 55℃,during 
this time,nitric acid of 65 percent was added dropwise at such a rate as to maintain the temperature of the 
reaction among 45℃~65℃.Upon completion of the addition,the reaction mixture was maintained at 
preferred temperature about 4.5 hour.Then the target product was got after recrystallizing with ethanol. 
(2) Waste acid recycling and concentrating: Organic phase and acid phase were got after the waste acid of 
nitrification being extracted by carbon tetrachloride.Merge the organic phase,wash with water,dilute 
alkali liquor and water until the pH was 7.Remove water with anhydrous sodium sulfate,and recycle 
carbon tetrachloride by distilling.For the waste acid extracted by carbon tetrachloride,taken a certain 
amount in four-mouth flask,maintaining the temperature among 150 ~170℃for two hours under the 
production of N2.Then concentrating in vacuo among 0.085 ~0.09 MPa without N2 until the temperature 
of the liquid phase was about 280℃~290℃,and maintaining at this temperature for some time.The 
recovered acid may returned to the nitration stage of the process for further use. 
3 Results and Discussion 
3.1 Study on the nitration of1,2,3- trichlorobenzene in the binary system of Sulfuric acid and nitric acid.  
3.1.1 Nitration in the system of 98 % H2SO4
For synthesizing of 4,6-dinitro-l,2,3-trichlorobenzene,the most widely used starting materials in the 
system of 65 % HNO3/ 98% H2SO4 is l,2,3-trichlorobenzene[4,5].The molar ratio of raw materials,reaction 
temperature and reaction time are three main factors that influence the yield,which are investigated in the 
paper.The results of experiment are shown in table 1. 
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Table 1 Results of nitrification in the binary system of 98% sulfuric acid and 65% nitric acid  
Materials rate 
(n(TCB):n(H2SO4):n(HNO3)) 
Reaction 
time(h) 
Reaction 
temperature 
(℃) 
Quality of 
product (g) 
Yield of 
product 
(%) 
Melting 
point of 
product 
(℃) 
1：11.3:2.2 3 65 92.3 68 88~ 90 
1：11.3:2.2 4 65 121 89.23 89~ 91 
1：11.3:2.3 4 65 123 90.63 89~ 91 
1：11.3:2.3 4.5 65 127.5 93.95 89~ 91 
① W(HNO3)=65%；②W(H2SO4)=98% 
Table1indicates that the amount of nitric acid and reaction time throw remarkable influence on the 
yield of target product when reaction temperature is 65℃.The optimum process parameters are selected 
as follows:n(1,2,3-trichlorobenzene):n(sulfuric acid):n(nitric acid) =1:11.3:2.3,reaction temperature 65℃
and reaction time 4.5h.The 4,6-dinitro-1,2,3-trichlorbenzene is obtained in a purity greater than 99% with 
yields greater than 93%,based on moles of 1,2,3-trichlorobenzene charged to the reaction. 
3.1.2 Effect of concentration of Sulfuric acid on nitrifaction  
It is necessary and emergency to recycle sulfuric acid from waste acid,because excessive waste acid 
produced in the process of nitrifacation can not only cause considerable waste of resources,but also bring 
terrible harm to the environment[6].The concentration of waste acid can just reach to 92 to 95% through 
general methods in industry unless  pyrolysis in high temperature.Only by this way,98%of sulfuric acid 
or even fuming sulfuric acid can be obtained.However,large investment,high energy consumption and 
trenchant demanding for the equipment limit its further wide use[7].In order to recycle recovered acid in 
the nitration stage of the process for further using,different concentrations of sulfuric acid are 
investigated.Results of experiments are shown in table 2. 
Table 2 Result of nitrification in different concentration of sulphuric acid 
W(H2SO4)(%) Materials rate 
n(TCB):n(H2SO4):n(HNO3) 
Reaction 
temperature
(℃) 
Reaction 
time(h) 
W(target 
product)
(%) 
W(2,3,4 
-trichlorobenzene) 
(%) 
W(3,4,5- 
trichlorobenzene ) 
(%) 
92 1:11.3:2.3 65 4.5 58.65 38.81 2.54 
95 1:11.3:2.3 65 4.5 74.57 16.71 6.4 
98 1:11.3:2.3 65 4.5 99. 18 trace trace 
Table 2 shows that the yield of target product will reduce as the concentration of sulphuric acid 
decreases.Because the content of water in the system increases when sulphuric acid dilutes,which will 
lead to the active ingredients of NO2+ decrease and result in nitration not thorough enough.Thus,it is 
better to choose 95% of sulphuric acid when the recovered acid be returned to the nitration stage. 
3.1.3 Effect of reaction temperature on nitrification 
Effect of reaction temperature on nitrification is significant.Changes in temperature under same 
reaction condition are recorded in table 3.The concentration of H2SO4 is 95%. 
Table 3 shows that the relatively high reaction temperature is benefits to the improvement of the 
reaction speed and the yield of target product.However,the decomposition of nitric acid will 
exacerbate,which may result in a large amount of yellow acid mist producing and the purity of product 
reducing.Thus,in order to recycle recovered acid in the nitration stage of the process for further using,the 
concentration of recovered acid is 95% and reaction temperature is 85℃.The target product is obtained in 
a purity greater than 99 % with yields being greater than 90 %,based on moles of 1,2,3-trichlorobenzene 
charged to the reaction. 
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Table3 Effect of reaction temperature on nitrification 
W(H2SO4)(
%) 
Materials rate 
n(TCB):n(H2SO4):n(HN
O3) 
Reaction 
temperatur
e 
(℃) 
Reactio
n time 
(h) 
Yield 
of 
target 
produc
t 
(%) 
W(target 
product)(
%) 
W(2,3,4 
-trichlorobenzen
e) 
(%) 
W(3,4,5- 
trichlorobenzen
e ) 
(%) 
95 1:11.3:2.3 65 4.5 90.99 74.57 16.71 6.4 
95 1:11.3:2.3 75 4.5 83.07 >99 trace trace 
95 1:11.3:2.3 85 4.5 90.34 >99 trace trace 
95 1:11.3:2.3 90 4.5 92.59 87.2 12.8 trace 
3.2 characterization of 4,6-dinitro-l,2,3-trichlorobenzene 
Operating condition of HPLC:solvent:n(CH3OH):n(H2O)=7:3,Outer flow rate:1mlL/min, column 
temperature:25℃.The product obtain in greater than about 99 percent purity.Where the HPLC figure of 
4,6-dinitro-1,2,3-trichlorbenzene is shown in figure 1and Infrared pectrogram is shown in figure 2
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Fig.1  High performance liquid chromatogram                Fig.2 Infrared pectrogram of 4,6-dinitro-1,2,3-trichlorbenzene 
of 4,6-dinitro-1,2,3-trichlorbenzene    
As shown in figure 2,the strong absorption peaks of 1352.12cm-1and1541.22 cm-1 are caused by 
νs(NO2) and νas(NO2), the medium absorption peaks among 1577.69～1412.28 cm-1 are due to theskeletal 
vibration of benzene,The ν(=C-H) of benzene absorption peak is at 3073.81cm-1.While the complex 
absorption peaks among 1260.99～950.45 cm-1 are caused byβ(=C-H)of benzene.And the complex 
absorption band among 780.11 ～ 614.83 cm-1are caused by γ (=C-H) of benzene,ν(C-N) of 
NO2andν(-C-Cl). 
Element analysis is listed in table 4.The data from elemental analysis of the product on C and N are 
basically in accord with the theoretical values,but higher on H, for the reason of some residual moisture 
influencing as not drying thoroughly. 
Table 4 Results of element analysis 
 C(%) H(%) N(%) 
Theorctical value 26.55 0.37 10.32 
Experimental value 25 0.9 10.5 
3.3 Waste acid recycling and concentrating 
Recovery of sulphuric acid in a concentrated form from waste acid produced in the nitration 
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stage of the manufacture of 4,6-dinitro-1,2,3-trichlorbenzene,in the case when the used acid contains 87% 
of H2SO4,1.5% of HNO3 and 0.87% of the organics and 10.63% of H2O as by-products.Remove the most 
of inpurities from the waste acid by extracted with carbon tetrachloride,then concentrate by distilling until 
the temperature of the liquid phase registers about 280℃~ 290℃,and maintain at this temperature for 
some time in order to concentrate from 87% to about 95%.Analyzing the concentration of sulfur acid by 
chemical method is very convenient and accurate, With rhodizonic acid disodium salt as indicator,when 
the color of the system changed from brick red to white is the titration end.
The organics in the waste acid are easy to get by distilling of the organic phase.Before 
distillation,wash the organic phase with water,alkali liquor and water in ruturn ,then dry it with anhydrous 
sodium sulfate.Just as studied by HPLC,residue after distillation contain a great quantity of the target 
product and a small amount of 3,4,5-trichloronitrobenzene.Repeated recrystallizations are required to 
isolate the target product from the mixture. 
Analyzing of the residue after recrystalization by TLC(v(petroleum ether) :v(dichloromethane) 
=3:1),target product,3,4,5-trichloronitrobenzene and 2,3,4-trichloronitrobenzene are mixed in it.It is 
proved that when concentration of sulific acid decrease,more 2,3,4-trichloronitrobenzene will 
produce,which will lead the yield of target product decrease.Thus,it has been found convenient to reduce 
the waste of resources and the pollution to the environment when waste acid and residue after 
recrystalling are used in nitration as starting materials under similar conditions except the reaction 
temperature,which have increased to 85℃. The results are as follows: 
Table 5 Results of recycling of the residue and waste acid 
cycle-index Ⅰ Ⅱ Ⅲ Ⅳ 
m(1,2,3-trichlorobenzene)(g) 171.5 171.5 171.5 168.5 
m( residue)(g) 10 10 10 13 
m(nitric acid)(g) 220 220 220 219 
m(sulific acid of 95 percent)(g) 1165.7 1165.7 1165.7 1165.7 
m(target product)(g) 231 234.1 243.5 237 
Purity of target product  〉99% 〉99% 〉99% 〉99% 
Constituent of residue W1(41.58%) 
W2(31.21%) 
W3(17.04%) 
W4(10.16%) 
W1(44.84%) 
W2(31.45%) 
W3(8.95%) 
W4(14.76%) 
W1(59.06%) 
W2(40.94%) 
 
W1(45.06%) 
W2(45.06%) 
W4(9.87%) 
 
Yield(%) 90.07 91.66 94.05 94.95 
①W1was the weight percent of target product;②W2 was the weight percent of 2,3,4- trichloronitrobenzene;③W3 was the weight 
percent of 3,4,5-trichloronitrobenzene;④W4 was others. 
Table 5 shows that,the yield of the product has a significant increasing when the number of recycling 
of residue increase,the product is obtained of which purity greater than 99%.With the recycling of residue 
as starting raw materials constantly,2,3,4-trichloronitrobenzene may be nitrified further to target product 
while 3,4,5-trichloronitrobenzene could not,which results in accumulate for 3,4,5-trichloronitrobenzene. 
2,3,4-trichloronitrobenzene almost consume when the number of recycling reached to three.Finally,the 
residue may be purified further by repeating recrystallization from a suitable solvent such as absolute 
ethylalcohol, 3,4,5-trichloronitrobenzene and target product will get respectively. 
4 Conclusion 
(1) The nitration of 1,2,3-trichlorobenzene are explored in the binary system of 65% of nitric acid/98% of 
sulfuric acid,The optimum process parameters are selected as follows:n(1,2,3-trichlorobenzene):n(sulfuric 
acid):n(nitric acid)= 1:11.3:2.3,reaction temperature 65℃and reaction time 4.5 h.The target product is 
386  Juan DONG et al. / Procedia Engineering 18 (2011) 381 – 386   Juan DONG et al./ Procedia Engineering 00 (2011) 000–000                    6 
obtained in a purity greater than 99 % with yields being greater than 93.95%,based on moles of 
1,2,3-trichlorbenzene charged to the reaction,and melting point is 89 ~ 91℃. 
(2) Recovery of sulphuric acid in a concentrated form from waste acid being extracted by carbon 
tetrachloride first,then distill in vacuum to concentrate from 87% to about 95%.The recovered sulphuric 
acid is used in nitration under similar condition except temperature.The product is also obtained in yields 
greater than about 90 % with purity being greater than about 99%.When recovered sulphuric acid and 
residue after recrystallization are used in nitration as starting materials for four times,the product is 
obtained in yields greater than 94%.To the residue after distillation of the organic solvent which is got by 
extracting,target product and 3,4,5-trichloronitrobenzene are easy to get by repeating recrystallization.  
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